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1
ENVELOPE TRACKING SYSTEM FOR
MIMO

This application is a continuation of U.S. application Ser.
No. 14/450,897, filed on Aug. 4, 2014, which issued as U.S.
Pat. No. 9,077,293, which is a continuation of U.S. appli-
cation Ser. No. 13/530,921, filed on Jun. 22, 2012, which
issued as U.S. Pat. No. 8,803,603, which claims benefit of
priority to Great Britain application number 1110732.3, filed
on Jun. 24, 2011. Great Britain patent application number
GB 1110732.3, filed on Jun. 24, 2011, is incorporated herein
by reference.

FIELD OF THE INVENTION

The present invention relates to an amplification stage
incorporating multiple power amplifiers having different
input signals. The invention is particularly but not exclu-
sively concerned with multiple power amplifiers in a trans-
mitter of a MIMO system, for example in a cellular infra-
structure base station or micro base station of a mobile
communication system.

BACKGROUND OF THE INVENTION

MIMO (multiple input, multiple output) systems are well
known in the field of mobile telecommunications. A MIMO
transmitter generates multiple waveforms from a single
signal source, which are amplified by multiple power ampli-
fiers to provide multiple signal paths. The transmitted sig-
nals on the multiple paths are detected at one or more
receivers.

It is well known in the art of RF power amplification to
utilise envelope tracking modulated power supplies for
power amplifiers in order to improve various parameters of
the power amplifier and in particular the DC (direct current)
to RF (radio frequency) power conversion efficiency.

The efficiency of a MIMO system can be improved by
providing an envelope tracking modulated power supply for
each individual power amplifier in the MIMO transmitter.
The envelope tracking power supplies for each power ampli-
fier are modulated so that the power supply voltage tracks
the envelope of the input signal to be amplified. In a typical
efficient arrangement one of a plurality of power supplies is
selected in dependence on the input signal envelope, and
then adjusted by an error correction means to more closely
track the envelope.

Whilst the use of an envelope tracking modulated power
supply provides an efficient amplification arrangement, it
increases the overhead associated with the MIMO transmit-
ter since an envelope tracking modulator stage is required
for each power amplifier of the MIMO system.

It is an aim of the present invention to provide an
improved arrangement for providing an envelope tracking
modulated power supply in arrangements where multiple
power amplifiers receive different input signals.

SUMMARY OF THE INVENTION

There is provided an amplifier arrangement comprising a
plurality of amplifiers each arranged to amplify one of a
plurality of different input signals, the arrangement com-
prising an envelope tracking modulator for generating a
common power supply voltage for the power amplifiers.

The amplifier arrangement may further comprise an enve-
lope selector adapted to receive a plurality of signals rep-
resenting the envelopes of the plurality of input signals, and

15

25

30

40

45

2

adapted to generate an output envelope signal representing
the one of the plurality of envelopes having the highest level
at a particular time instant as the input signal for the
envelope tracking modulator. The envelope selector may be
arranged to generate a composite envelope signal as the
output envelope signal. The composite envelope signal may
transition between the envelopes of ones of the plurality of
different input signals in dependence upon the one of the
plurality having the instantaneous largest amplitude.

The amplifier arrangement may further comprise a plu-
rality of envelope processing stages each for receiving one
of the plurality of input signals and for generating a signal
representing the envelope of said input signal. Each of the
envelope processing stages may include a non-linear map-
ping stage for mapping its input to its output. Each of the
envelope processing stages may include a delay for delaying
the signal in the supply path relative to the signal in the input
path to the amplifier.

The amplifier arrangement may further comprise a mov-
ing average filter to remove discontinuities from the com-
posite envelope signal.

The amplifier arrangement may further comprise a plu-
rality of pre-distortion stages, for receiving the respective
plurality of input signals, and further arranged to receive
said composite envelope signal, and provide a pre-distorted
input signal to the input of the respective power amplifier.

The amplifier arrangement may further comprise a feed-
back receiver arranged to selectively receive the output of
one of the plurality of amplifiers and selectively provide an
additional input to the one of the plurality of pre-distortion
stages associated with the amplifier, to adaptively adjust the
pre-distortion coefficients of the pre-distortion stage to mini-
mise distortion at the output of the amplifier. The feedback
receiver may be arranged to switch between all of the
plurality of amplifiers in a sequence.

The plurality of input signals may be derived from a
common signal source.

A multi-input, multi-output, MIMO, transmitter stage
may include an amplifier arrangement as defined. The
MIMO transmitter stage may be for use in a cellular base
station.

The invention may further provide a method of amplifi-
cation in an amplifier arrangement comprising a plurality of
amplifiers each arranged to amplify one of a plurality of
different input signals, the method comprising providing an
envelope tracking modulator for generating a common
power supply voltage for the power amplifiers.

The method may further comprise receiving a plurality of
signals representing the envelopes of the plurality of input
signals, and generating an output envelope signal represent-
ing the one of the plurality of envelopes having the highest
level at a particular time instant as the input signal for the
envelope tracking modulator.

BRIEF DESCRIPTION OF THE FIGURES

The present invention is now described by way of
example with reference to the accompanying Figures in
which:

FIG. 1 illustrates an example of a prior art MIMO system;

FIG. 2 illustrates an example of a MIMO system incor-
porating an embodiment of the present invention;

FIG. 3 illustrates exemplary waveforms in an embodi-
ment of the invention;

FIG. 4 illustrates a modification to the arrangement of
FIG. 2 in a further embodiment; and



US 9,490,881 B2

3

FIG. 5 illustrates further exemplary waveforms in an
embodiment of the invention.

DETAILED DESCRIPTION

The invention will now be described with further refer-
ence to the exemplary RF amplification architecture of a
MIMO transmitter system of a mobile communication sys-
tem. Whilst the invention and its embodiments may be
advantageously utilised in such an environment, the inven-
tion and its embodiments are not limited in their applica-
bility to the exemplary architectures and implementations as
illustrated.

With reference to FIG. 1 there is illustrated an implemen-
tation of conventional envelope tracking techniques in a
MIMO transmitter.

The MIMO transmitter includes a digital signal process-
ing block including a signal source 114, a plurality of
waveform processing blocks 112a to 1124, a plurality of
envelope processing blocks 108a to 1084; and a plurality of
digital pre-distortion blocks 110a to 110d; a plurality of
envelope modulators 1064 to 106d; a plurality of RF ampli-
fiers 104a to 104d; and a plurality of antennas 102a to 1024.

The signal source 114 may generate a signal for trans-
mission on a wireless interface configured in accordance
with an appropriate telecommunications standard. The sig-
nal source 114 provides a baseband signal which forms an
input to each of the plurality of waveform processing blocks,
denoted by reference numerals 112.

In the arrangement of FIG. 1 there is provided four
waveform processing blocks denoted 112a to 112d4. In
general there may be provided any number of waveform
processing blocks.

Each waveform processing block 112a to 112d provides a
waveform at its output which is a baseband signal repre-
sentative of the RF waveform carried by one channel of the
MIMO transmitter, and is typically a digital representation
of the baseband in-phase and quadrature (I and Q) signals of
the RF carrier to be transmitted. This processing may
include crest factor reduction of the waveform.

The waveform at the output of each waveform processing
block 112a to 1124 is provided at an input of respective
envelope processing blocks 108a to 1084 and an input of
respective DPD blocks 110a to 110d. Consistent with the
provision of four waveform processing blocks there are
provided four envelope processing blocks and four DPD
blocks. An alternative implementation is for the input to the
envelope processing block 108 to be taken from the output
of DPD block 110.

Each envelope processing block determines the envelope
of the respective baseband waveform generated by the
respective waveform processing block, and may provide a
non-linear mapping between said envelope and the desired
supply voltage. Such non-linear mapping provides a
‘shaped’ envelope waveform. Without such mapping, the
envelope waveform is “unshaped’. The envelope processing
block may also contain a variable delay element to allow the
timing between the supply path to the respective amplifier
and the RF input path to that amplifier to be aligned.

Each DPD block 110 corrects for amplitude and phase
distortion of its associated power amplifier. Typically the
parameters of each DPD block are updated by monitoring
the associated power amplifier output and adjusting the
parameters to minimise the distortion of the associated
power amplifier output.
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The outputs of the envelope processing blocks 108 and
DPD processing blocks 110 form the outputs of the digital
signal processing block 116.

There are provided a similar plurality of envelope modu-
lators 106 and power amplifiers 104. Thus in the described
arrangement there are provided four envelope modulators
106a to 1064 and four power amplifiers 104a to 1044.
Again, in general, there may be provided any number of
envelope modulators and power amplifiers.

It should be noted that FIG. 1 illustrates the main elements
of the exemplary transmitter, but not all of the required
elements. For example intermediate functional blocks may
be needed between the DPD blocks and the power ampli-
fiers, such as digital-to-analogue converters, baseband to RF
upconversion circuitry, power amplifier driver etc.

The outputs of the envelope processing blocks 108 pro-
vide inputs to the respective envelope tracking modulators
106, and the outputs of the DPD blocks 110 provide inputs
to the respective power amplifiers 104.

The outputs of the respective envelope tracking modula-
tors 106 provide inputs to the power supply terminals of the
respective power amplifiers 104. As known in the art, the
envelope tracking modulators 106a to 1064 track the respec-
tive envelope signals to deliver an efficient modulated power
supply to the respective power amplifiers 104a to 1044.

As can be seen in FIG. 1, a separate envelope tracking
modulator is provided for each of the multiple paths, such
that there is a one-to-one arrangement between envelope
modulators and power amplifiers. Each individual power
amplifier 1044 to 104d receives its own envelope modulated
power supply from its own envelope modulator 106a to
1064.

The output of each power amplifier is connected to a
respective antenna 102. Again, in the described example,
there are four antennas 102a to 1024 associated with each of
the respective power amplifiers 104a to 1044.

The power amplifiers 104 feed the individual antennas
102, and in the receiver there is provided multiple antennas
for detecting the transmitted signals. Such a MIMO imple-
mentation provides many more paths between transmitters
and receivers than a single antenna system. Different signals
are amplified from the same source, and effectively consti-
tute independent waveforms.

With reference to FIG. 2 there is illustrated an embodi-
ment of an envelope tracking system for a MIMO architec-
ture in accordance with the principles of the present inven-
tion. Where elements of FIG. 2 correspond to elements of
FIG. 1 like reference numerals are used. The embodiment is
described as an improvement to the exemplary arrangement
of FIG. 1.

In accordance with the invention individual channels are
still provided, with individual waveforms being processed in
specific envelope processing blocks 108a to 1084 and DPD
processing blocks 110a to 1104. The plurality of power
amplifiers 1044 to 1044 are provided, each still receiving the
respective input signals for amplification from the outputs of
the DPD processing blocks 110a to 1104.

In accordance with the invention, the outputs of each of
the envelope processing blocks 108a to 1084 are provided as
inputs to an envelope selection block 120 within the digital
signal processing block 116. The envelope selection block
120 then provides an output to a single envelope tracking
modulator 122. The single envelope tracking modulator 122
then provides the modulated power supply signals for all of
the power amplifiers 104a to 1044.

The provision of the single envelope tracking modulator
122 to replace the set of envelope tracking modulators of
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FIG. 1 introduces a potential problem, in that there is no
longer a one-to-one correspondence between the supply
voltage to an individual power amplifier and the RF enve-
lope at the input of that power amplifier for any instant in
time. As a consequence it is no longer possible to determine
the required DPD pre-correction with knowledge of only the
instantaneous RF input power.

For each power amplifier 104a to 10454 it is a requirement
that the supply voltage is higher than the minimum supply
voltage which results in hard compression in the power
amplifier in order for pre-distortion of the RF path to be
possible.

The envelope selection block 120 is therefore arranged to
determine the maximum envelope signal from the individual
envelope signals provided from amongst the envelope pro-
cessing blocks 108a to 108d. The envelope modulator 122
then generates a modulated power supply signal at its output
in dependence upon the one of the multiple envelope signals
which is the highest at any one instant. The power supply to
all of the power amplifiers 104a to 1044 at any instant in
time is thus based on the one of the envelopes that is the
highest.

The envelope selection block 120 and the envelope track-
ing modulator 122 thereby ensure that all power amplifiers
have a sufficiently high supply voltage to allow pre-distor-
tion of the RF input path to correct for the supply voltage
induced distortion.

The operation of the envelope tracking modulator 122 can
be further understood with reference to FIG. 3. FIG. 3
illustrates the plots of two envelope waveforms denoted by
reference numerals 220 and 222, and a waveform 224
representing the composite signal formed by those wave-
forms. As can be seen at any instant the composite envelope
224 comprises the one of the individual envelopes 220 and
222 which has the largest amplitude.

The envelope selection block 120, as noted above, is
adapted to determine the highest envelope signal at any
instant, and thus will output different envelope signals in
accordance with its determinations. Short cusps may occur
where the envelope selection block 120 jumps from one
waveform to another waveform. A moving average filter
may thus be provided at the output of the envelope process-
ing block 120, as represented by block 121 in FIG. 2, in
order to smooth the transition points. Such a moving average
filter also ensures that a higher voltage than is needed is
always provided as the supply voltage.

This is further illustrated with respect to FIG. 4. First and
second waveforms 130 and 132 represent two envelopes,
and waveform 134 represents a composite of those enve-
lopes. As can be seen by the region denoted by reference
numeral 136, a short cusp appears as the composite envelope
is determined by one envelope and then another, i.c. as the
composite envelope ‘jumps’ from one envelope to another
envelope.

Thus in accordance with the invention a single envelope
tracking modulator can be used to drive all power amplifiers.

A further problem arises because the instantaneous output
power of a power amplifier is dependent on both its instan-
taneous input power and its instantaneous supply voltage. A
conventional DPD only has knowledge of the instantaneous
input power and hence cannot systematically correct for
power amplifier output power errors which result from
changes in instantaneous supply voltage which are uncor-
related with the instantaneous input power.

To address this problem, each of the DPD processing
blocks 110a to 1104 is provided with information on the
instantaneous supply voltage to the power amplifiers as well
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as a digital representation of the baseband I and Q compo-
nents of its respective RF carrier for its respective amplifier.
The information of the instantaneous supply voltage is
provided from the output of filter block 121 as shown in FIG.
2. With the power supply voltage information and the
baseband I and Q information the DPD can correct for
distortion.

The specific DPD processing to correct for distortion
based on these inputs will be implementation dependent.

The DPD pre-correction applied to each power amplifier
in the respective DPD blocks 110 may be fixed or adaptive.
Where fixed pre-correction is used this may be predeter-
mined by design, or adjusted at device manufacture.

Where adaptive pre-correction is used, a receiver may be
used to sample the power amplifier output signal thereby
creating a feedback path for adaptation of the DPD param-
eters. As the required update rate of the DPD parameters is
very low, the feedback receiver may be multiplexed between
all transmit channels, as indicated in FIG. 5.

As shown in FIG. 5, the arrangement of FIG. 2 may be
further modified in such an adaptive arrangement to include
a feedback receiver 140, an output switch 142 and an input
switch 144. The output switch 142 is controlled to select one
of the outputs of the power amplifiers 104a to 1044 to the
feedback receiver 140, and the input switch 144 is controlled
to connect the output of the feedback receiver 140 to an
additional input of one of each of the DPD blocks 110a to
1104.

The switches 142 and 144 are controlled by a common
control signal such that when the output of one of the
amplifiers 104a to 1044 is selected, the input to the corre-
sponding DPD block is also selected. The switches may be
controlled to switch in fixed periods following a predeter-
mined cycle.

In general, therefore, a single envelope tracking modula-
tor is used for providing a modulated supply voltage to
multiple power amplifiers where each of the multiple power
amplifiers has a different input signal. In general, the inven-
tive techniques applies to any such arrangement which does
not provide in a one-to-one mapping between instantaneous
supply voltage and instantaneous RF input envelope, not just
a MIMO arrangement.

The invention is described herein with reference to par-
ticular examples and embodiments, which are useful for
understanding the invention and understanding a preferred
implementation of the invention. The invention is not,
however, limited to the specifics of any given embodiment,
nor are the details of any embodiment mutually exclusive.
The scope of the invention is defined by the appended
claims.

What is claimed is:

1. A pre-distortion stage for an amplifier arrangement
comprising: an input for receiving one of a plurality of input
signals; an input for receiving a composite envelope signal,
the composite envelope signal representing an envelope of
the one of the plurality of input signals having the highest
level at a particular time instant; and an output for providing
a pre-distorted input signal to one of a plurality of power
amplifiers.

2. The pre-distortion stage of claim 1 wherein each of the
plurality of amplifiers receives a common supply voltage in
dependence on the composite envelope signal.

3. A plurality of pre-distortion stages according to claim
1, each for receiving one of the respective plurality of input
signals, each for receiving the composite envelope signal,
and each for providing a pre-distorted input signal to the
input of a respective power amplifier.
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4. The pre-distortion stage of claim 1 further comprising
an input for selectively receiving an output from a feedback
receiver, the feedback receiver arranged to selectively
receive the output of one of the plurality of power amplifiers
to adaptively adjust the pre-distortion coefficients of the
pre-distortion stage to minimize distortion at the output of
the associated power amplifier.

5. The amplifier of claim 4 wherein the feedback receiver
is arranged to switch between all of the plurality of ampli-
fiers in a sequence.

6. The pre-distortion stage of claim 1 wherein the input
signal is derived from a signal source common to inputs to
other pre-distortion stages.

7. A multi-input, multi-output, MIMO, transmitter stage
including a pre-distortion stage according to claim 1.

8. The MIMO transmitter stage of claim 7 for use in a
cellular base station.

9. A method for pre-distorting in an amplifier arrangement
comprising: receiving one of a plurality of input signals;
receiving a composite envelope signal, the composite enve-
lope signal representing an envelope of the one of the
plurality of input signals having the highest level at a
particular time instant; and in dependence on the received
signals providing a pre-distorted signal to one of a plurality
of power amplifiers.
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10. The method of claim 9 further comprising receiving a
common supply voltage in dependence on the composite
envelope signal at each of the plurality of amplifiers.

11. A method according to claim 9, further comprising
receiving one of the respective plurality of input signals at
one of a plurality of pre-distortion stages, receiving the
composite envelope signal at each of the plurality of pre-
distortion stages, and providing a pre-distorted signal to the
input of a respective power amplifier from each pre-distor-
tion stage.

12. The method of claim 9 further comprising selectively
receiving an output from a feedback receiver arranged to
selectively receive the output of one of the plurality of power
amplifiers, and adaptively adjusting pre-distortion coeffi-
cients to minimize distortion at the output of the associated
power amplifier.

13. The method of claim 12 wherein the feedback receiver
is arranged to switch between all of the plurality of ampli-
fiers in a sequence.

14. The method of claim 9 further comprising deriving the
input signal from a signal source common to inputs to other
pre-distortion stages.

15. The method of claim 9 in a multi-input, multi-output,
MIMO, transmitter stage.

16. The method of claim 15 in a cellular base station.

#* #* #* #* #*



